Abstract. Nicotinamide phosphoribosyltransferase (NAMPT) possesses various functions in human cells, and altered NAMPT expression is associated with human carcinogenesis. The present study detected the expression of NAMPT in normal and cancerous breast tissues from 83 patients using immunohistochemistry, and analyzed its association with the clinicopathological and survival data of the patients. NAMPT was significantly overexpressed in the breast invasive ductal carcinoma tissues compared with adjacent normal mammary gland tissues. Upregulated NAMPT expression was associated with a larger tumor size, lymph node metastasis, advanced clinical tumor-node-metastasis stages, and estrogen receptor and progesterone receptor expression. Furthermore, NAMPT expression was associated with poor overall and disease-free survival in patients with breast cancer. In conclusion, NAMPT increased protein expression in tumor cells may contribute to the development and progression of breast invasive ductal carcinoma. Thus, detection of NAMPT expression might be useful as a biomarker for the early detection and prognosis prediction of breast cancer.
Introduction
Breast cancer is a significant health problem in women globally, and breast cancer incidence rates are higher in North America and Western Europe, compared with those in other parts of the world. In the United States in 2016, there were ~249,260 new cases of breast cancer and 40,890 cancer-related deaths (1) . In China, breast cancer has become one of the most frequently diagnosed cancers in women aged 30-59 years old (2) , and a high proportion of the patients are diagnosed at the advanced stages of disease (2) ; for those patients, treatment responses, even with post-surgical chemotherapy and radiotherapy, remain poor (2) . Thus, novel molecular biomarkers are required for the early detection and treatment response prediction in patients with breast cancer.
Mammalian cell nicotinamide phosphoribosyltransferase (NAMPT) is the rate-limiting enzyme in the biosynthesis of nicotinamide adenine dinucleotide (NAD) that is responsible for transferring a phosphoribosyl group from 5-phosphoribosyl-1-pyrophosphate to nicotinamide, resulting in the production of nicotinamide mononucleotide (NMN) and pyrophosphate. NMN is then converted to NAD by NMN adenylyltransferase ( Fig. 1) (3) . Increasing evidence suggests that NAMPT is a multifunctional enzyme with crucial roles in in metabolism and immune response, and altered NAMPT expression is associated with human tumorigenesis (4) . Silencing of NAMPT expression in pancreatic cancer cells has been demonstrated to induce tumor cell metabolic collapse and cell death both in vitro and in vivo (5) , whereas NAMPT overexpression is associated with poor treatment response of breast cancer patients to doxorubicin-based chemotherapy (6) . Previous studies from our group have demonstrated that NAMPT is highly expressed in gastric cancer and is associated with malignant behaviors of cancer cells as well as resistance to chemotherapy (7, 8) . The aim of the present study was to detect NAMPT expression in normal and cancerous breast tissues using immunohistochemistry and to examine its association with clinicopathological and survival data from breast cancer patients.
Materials and methods
Patient samples. Paired cancerous and adjacent noncancerous breast tissues were collected from 83 newly diagnosed and surgically treated breast cancer patients at Weihai Municipal Hospital (Weihai, China) between January and December 2008. The adjacent normal tissues were >5 cm away from the tumor lesions. All patients were histologically diagnosed with invasive ductal carcinoma and aged 29-66 years old, with an average age of 47 years. None of the patients received presurgical radiotherapy or chemotherapy. The present study was approved by the Ethics Committee of Weihai Municipal Hospital, and informed consent was obtained from each patient. The histologic types and grades of the primary tumors were determined according to the modifications of Expression of NAMPT is associated with breast invasive ductal carcinoma development and prognosis the World Health Organization classification (9) , whereas the staging of breast cancer was defined according to the tumor-node-metastasis (TNM) system (10).
Immunohistochemistry. All tissue samples were fixed in 10% buffered formalin at room temperature for 24 h and subsequently embedded into paraffin. Tissue sections 4-µm thick were then prepared from these paraffin blocks and immunohistochemically stained using the streptavidin peroxidase (SP) technique. In brief, tissue sections were deparaffinized in xylene, rehydrated in a series of ethanol solutions, and then submerged in tap water. The tissue sections were subjected to antigen retrieval in a pressure cooker containing 0. The sum of these two scores resulted in a final score for each case to determine high vs. low expression of NAMPT protein (a score of ≥3 was termed high NAMPT expression, whereas a score of 1-2 was termed low NAMPT expression). The staining of each tissue section was scored separately by two independent experts simultaneously, and discordant scores were re-evaluated and scored with their consensual opinion.
Statistical analysis. All statistical analyses were performed using the SPSS version 17.0 software (SPSS, Inc., Chicago, IL, USA). Comparisons of NAMPT expression with clinicopathological parameters, including tumor stage, tumor grade, age at diagnosis, body mass index, tumor size, lymph node status, recurrence, estrogen receptor (ER) status, progesterone receptor (PR) status, and human epidermal growth factor receptor 2 (HER2) status, were analyzed using the χ 2 or Fisher's exact test (when a cell in a 2x2 table had an expected frequency of ≤5). Survival curves were generated using Kaplan-Meier curves and statistically analyzed using the log-rank test. Multivariate analysis was performed using Cox's proportional hazard model. P<0.05 was considered to indicate a statistically significant difference.
Results
Differential expression of NAMPT in normal breast and cancerous tissues. NAMPT protein expression was localized in the cytoplasm and cell membrane of positive tumor or normal cells. Specifically, NAMPT protein was mostly expressed in breast invasive ductal carcinoma as well as in a few adjacent normal mammary glands (Fig. 2) . There was no single tumor with completely negative NAMPT expression (Fig. 2) . Expression of NAMPT protein was significantly upregulated in breast cancer tissues compared with normal breast tissues (P<0.001; Table I ). Then, the association of NAMPT expression with the clinicopathological data from the breast cancer patients was analyzed. The results demonstrated that upregulated NAMPT protein expression was associated with a larger tumor size, lymph node metastasis, advanced clinical TNM stages, and ER and PR expression (Table II) .
Association of NAMPT protein expression with survival of breast cancer patients. Next, the association of NAMPT expression with survival of the breast cancer patients was examined. Kaplan-Meier curves, stratified by high vs. low NAMPT expression, revealed that high NAMPT expression was associated with a poor overall and disease-free survival in patients, while breast cancer tissues without or with low NAMPT expression had better disease-free and overall survival rates (P=0.010 and P=0.045; Fig. 3 ). Furthermore, compared with patients with ER-positive tumors, patients with ER-negative tumors had a significantly worse disease-free survival both in the high NAMPT group and in the low NAMPT group (P=0.022 and P=0.002, respectively) and overall survival both in the high NAMPT group and in the low NAMPT group (P=0.042 and P=0.019, respectively) (Figs. 4 and 5) .
To evaluate the factors associated with NAMPT expression in these patients, hazard ratios (HRs) were estimated by univariate and multivariate Cox regression analyses (Tables III and IV Table III) . By contrast, the only significant factor associated with overall survival was tumor stage (HR=55.02, 95% CI=7.12-425.20, P<0.001; Table IV ). However, after adjusting for the patient (Tables III and IV) .
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Discussion
Although early detection and treatment of breast cancer have significantly advanced compared with decades ago, more research is needed for the molecular diagnosis and prognosis prediction of breast cancer. In the current study, NAMPT expression was analyzed and associated with breast cancer development and progression in order to potentially identify it as a novel biomarker for breast cancer. The present data demonstrated that NAMPT expression was significantly higher in breast cancer tissues compared with normal mammary gland tissues, and that upregulated NAMPT protein expression was associated with a larger tumor size, advanced clinical TNM stages, lymph node metastasis, and ER and PR expression. Furthermore, NAMPT expression was associated with poor overall and disease-free survival in patients, whereas breast cancer without or with low NAMPT expression had a better disease-free and overall survival. In conclusion, the present findings suggest that NAMPT upregulation may contribute to breast cancer development and progression and that detection of NAMPT protein levels may serve as a biomarker for the early detection and prognosis prediction of breast cancer. Indeed, NAMPT has been reported to be overexpressed in several types of human cancer and to induce resistance to therapy (3), suggesting that NAMPT could be used as a chemotherapeutic target (3). Translationally, NAMPT might be a useful biomarker for carcinogenesis and tumor progression (4). For example, upregulated NAMPT expression has been associated with an increase in melanoma volume, early metastases, and tumor cell de-differentiation (11) . In addition, NAMPT overexpression has been observed in hematological malignancies, such as lymphomas, and is associated with aggressive phenotypes of malignant lymphoma (12) . In solid Table IV . Univariate and multivariate analyses of overall survival in breast cancer cases. tumors, NAMPT is upregulated in prostate, gastric, and colorectal cancers (13) (14) (15) , and NAMPT inhibition reduces the growth and invasiveness of prostate cancer cells in vitro (15) . A previous study has reported that detection of NAMPT, vascular endothelial growth factor, and HER2 could be useful as a biomarker panel for the diagnosis and prognosis of human breast cancer (16) . The current study further confirmed the overexpression of NAMPT protein in invasive breast cancer and it association with breast cancer progression and prognosis. Of note, a previous in vitro study has demonstrated that NAMPT expression influences breast cancer cell metastatic activity and adhesion by inhibition of integrin function (17) . Breast cancer exhibits many molecular alterations; for example, BRCA mutations are the main hereditary factor in the development of breast cancer, while the expression of poly (ADP-ribose) polymerase 1 (PARP1) contributes to the BRCA1 phenotype in basal-like and triple-negative breast cancers (18) . In addition, BRCA1-mediated NAD synthesis is largely responsible for PARP1 activity in breast cancer cells, while NAMPT regulates NAD levels towards aberrant PARP1 activity (19) . Indeed, Bajrami et al (20) have reported that an NAMPT inhibitor in combination with a PARP inhibitor has a significant therapeutic potency in nude mouse triple-negative breast cancer cell xenografts. NAMPT was originally cloned as a putative cytokine to enhance the maturation of B lymphocyte precursors (21) . Later, it was reported that NAMPT is able to promote both B lymphocyte and vascular smooth muscle cell maturation as well as inhibit neutrophil apoptosis (22) . A previous study has demonstrated that NAMPT expression can predict recurrence-free survival of lung and breast cancer patients (23) . Another recent study has revealed a novel mechanism by which breast cancer cells are able to protect themselves from glucose deprivation-induced oxidative stress through NAMPT to maintain NADPH levels (24) . Together, these findings indicate that NAMPT overexpression can alter human immune responses and promote breast cancer progression.
FK866 (also known as APO866) is a small-molecule inhibitor of NAMPT with potency and selectivity; in vitro, it is able to suppress the growth of cancer cells and induce tumor cells to undergo apoptosis through NAD depletion (25) . Notably, FK866 can selectively inhibit various types of cancer cells, but not normal cells (25) . The current data indicate that breast cancer may be another organ site where NAMPT inhibitors may be useful in the clinic.
To fully understand the physiological relevance of NAMPT expression in normal and cancerous mammary gland cells, further research will be necessary. For example, future studies may include information on subtypes of breast cancer and expression of other molecules to examine the associations with NAMPT expression. In addition, the data from the current study need to be verified using a larger sample size before NAMPT is used clinically as a biomarker. Further studies will also assess NAMPT in mediating breast cancer progression and the potential of targeting NAMPT as a therapeutic strategy in breast cancer.
